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REMARKS 

Claims 1-12 and 14-16 are pending in the present application. 

The rejections of: (a) Claims 1-13 under 35 U.S.C. §103(a) over Kanekivo et al in 
view of Kanekoetal, and (b) Claims 1-13 under 35 U.S.C. § 103(a) over Satou et al in view 
of Kanekivo et al and Kaneko et ah are respectfully traversed. 

Magnet powder of the present invention surely aims to suppress oxidation and 
deterioration of a bonded magnet. However, the present invention does not directly achieve 
such aim by coating a surfactant on the surf ace of magnet powder. 

The main points of the present invention are as follows: 
(1) Object 

First, the present invention flows from the fact that cobalt-less Rl d-HDDR coarse 
powder made of d-HDDR anisotropic magnet powder is used as main magnet powder. 

© A bonded magnet made of d-HDDR anisotropic magnet powder has excellent 
magnetic properties. On the other hand, a bonded magnet has an object that it is easily 
oxidized and degraded. 

According to the present inventors' research, such oxidization and degradation occurs 
due to "fracture" of particles which constitute the d-HDDR anisotropic magnet powder 
because a new fracture face generated at the fractured portion is very easy to be oxidized. 

Furthermore, d-HDDR anisotropic magnet powders often have cracks in grains or 
grain boundary due to a method or producing the same such as hydrotreatment. So, the above 
"fracture" is very easily generated. 

Thus, d-HDDR anisotropic magnet powder has extremely high sensitivity to 
fracturing. (See "Rare-Earth Iron Permanent Magnets", submitted herewith; especially, 
descriptions highlighted on pages 348-353 and 361-365, Fig. 7.20) 

14 



Application Serial No. 10/714,918 

Reply to Office Action of September 18, 2006. 



® On the contrary, Kanekivo et al (US 6, 814, 776) and Kaneko et al (JP2000-3809) 
are based on the fact that a rapid-cooling magnet powder produced by a melt spinning 
method and a strip cast method is used. However, the rapid-cooling magnet powder is not 
subjected to hydrotreatment. Therefore, it has no internal cracks, and it is very hard to be 
fractured (namely, it has low sensitivity to fracturing). 

So, the rapid-cooling magnet powder doesn f t have an object caused by d-HDDR 
anisotropic magnet powder, which is a specifically claimed feature of the present invention. 

Therefore, the present invention is different from the cited references ( Kanekivo et al 
and Kaneko et al ) on the basis of the magnetic powder used therein. 

To the extent that claimed invention differs from the disclosure of Kanekivo et al and 
Kaneko et al based on product-by-process limitations, which the Examiner considers to be 
inherent to the term "d-HDDR", the courts have enunciated that: "Even though product-by- 
process claims are limited by and defined by the process, determination of patentability is 
based on the product itself. The patentability of a product does not depend on its method of 
production. If the product in the product-by-process claim is the same as or obvious from a 
product of the prior art, the claims is unpatentable even though the prior product was made by 
a different process." In re Thorpe, 227 USPQ 964 (Fed. Cir. 1985). 

There are two important aspects to the foregoing. First, the products must be identical 

or an obvious variant thereof. Second, patentability of a product may not depend on its 

method of production, but the method of production cannot be disregarded if that method 

provides a distinct structure or product. Indeed, the Board and the Courts have said as much, 

which is set forth in MPEP §2113 in relevant part: 

"The structure implied by the process steps should be considered when 
assessing the patentability of product-by-process claims over the prior art, 
especially where... the manufacturing process steps would be expected to 
impart distinctive structural characteristics to the final product. See, e.g. In 
re Garnero, 412 F.2d 276, 279, 162 USPQ 221, 223 (CCPA 1979)... The 
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Board stated that the dispositive issue is whether the claimed factor 
exhibits any unexpected properties compared with the factor disclosed by 
the prior art." (citing Ex parte Gray, 10 USPQ2d 1922 (Bd. Pat. App. & 
Inter. 1989) . 

The foregoing is particularly relevant to the present application. As stated above, the 
method disclosed by Kanekivo et al and Kaneko et al is distinct from a hydrotreatment 
method. Further, for the reasons set forth above, the resultant product from the method 
disclosed by Kanekivo et al and Kaneko et al is distinct from that of the presently claimed 
invention. Accordingly, Applicants submit that Kanekivo et al and Kaneko et al fail to render 
the presently claimed invention obvious. 

(D The Examiner appears to understand that an intention of the present invention is a 
method for producing d-HDDR anisotropic magnetic powder. However, Applicants 
respectfully submit that this "understanding" is a misunderstanding. The present inventors 
have paid attention to the object which is extracted from d-HDDR anisotropic magnet 
powder, which is an assumption of the present invention, and have provided a means for 
solving the object. 
(2) Means 

© In the present invention, while achieving the above object (to prevent fracture of 
cobalt-less Rl d-HDDR coarse powder), in order to maintain high magnetic properties as a 
bonded magnet, resin and specific R2 fine magnet powder comprising anisotropic magnet 
powder having excellent magnetic properties are mixed in the desired ratio. 

While forming the bonded magnet, first of all, the resin and the R2 fine magnet 
powder which is dispersed in the resin firstly appear as a ferromagnetic fluid layer. The 
ferromagnetic fluid layer prevents that cobalt-less Rl d-HDDR coarse powder having high 
sensitivity to fracturing is directly contacted to be fractured. 
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Then, after forming the bonded magnet (after curing the resin), the resin and the R2 
fine magnet powder envelope the cobalt-less Rl d-HDDR coarse powder to be a 
ferromagnetic buffer for the cobalt-less Rl d-HDDR coarse powder. The ferromagnetic 
buffer prevents that the cobalt-less Rl d-HDDR coarse powder is directly contacted to be 
fractured by impact or vibration applied to the bonded magnet. 

(D In the present invention, both of the cobalt-less Rl d-HDDR coarse powder and the 
surface of the R2 fine magnet powder are covered by a surfactant in order to improve the 
fluidity of each magnet powder in the ferromagnetic fluid layer appeared while forming the 
above bonded magnet, and to prevent the stress and the like causing the fracture from acting 
on the cobalt-less Rl d-HDDR coarse powder. 

Therefore, the coating of the surfactant doesn't directly aim to prevent oxidization of 
the magnet powder. 

<D In the present invention, the grain diameter and the shape (aspect ratio) of the R2 
fine magnet powder are limited in order to improve the above fluidity to exhibit the effect for 
buffering the cobalt-less Rl d-HDDR coarse powder. 

® As for aspect ratio, denominator and numerator in the aspect ratio (large 
diameter/small diameter) of Kanekivo et al are reversed with each other in the aspect ratio 
(small diameter/large diameter) of the present invention. 

A first iron-based rare-earth alloy powder having an average grain diameter of 1 0 |im 
or more and 70 |im or less and an aspect ratio of 0.4 or more and 1 .0 or less in Kanekivo et al 
corresponds to the R2 fine powder of the present invention. The grain diameter (10-70 (xm) 
of the first iron-based rare-earth alloy powder is remarkably different from the grain diameter 
(1-10 |im) of the present invention. 

As the Examiner pointed out, Kanekivo et al refers to the fluidity while forming the 
bonded magnet, but he merely pointed out from the viewpoint of forming efficiency. As 
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aforementioned, the present invention brings the fluidity of the magnet powder into question 
from the viewpoint of preventing the flucture of the cobalt-less Rl d-HDDR coarse powder 
having high sensitivity to flucturing. Such difference of each viewpoint appears in the above 
difference of each grain diameter. 

® Satou et al (JP6-132107) proposes a composite rare earth bond magnet in which 
two different kinds of magnet powders having different grain diameter are combined. 
However, the purpose of Satou et al is to merely improve the magnetic properties, and Satou 
et al does not pay attention to the above-mentioned object of the present invention. In 
addition, Satou et al never discloses the surfactant or the aspect ratio which are disclosed in 
the present invention. 

In view of the foregoing, Applicants submit that even if the skilled artisan had each of 
Kanekivo et ah Kaneko et ah and Satou et al in hand, the present invention would not be 
obvious. 

As such, Applicants request withdrawal of these grounds of rejection. 

The rejection of Claim 7 under 35 U.S.C. §112, second paragraph, is obviated by 
amendment. Applicants have amended Claim 7 herein to specifically address the Examiner's 
criticisms. Withdrawal of this ground of rejection is requested. 

The rejection of Claim 13 under 35 U.S.C. §101 is obviated by cancellation of this 
claim. Withdrawal of this ground of rejection is requested. 

The objection to Claims 7 and 10 is obviated by amendment. Applicants have 
amended the claims to address the Examiner's specific criticisms. Withdrawal of this ground 
of objection is requested. 
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The objection to the specification is obviated by amendment. Applicants have 
amended the specification, as appropriate, to address the Examiner's specific criticisms. 
Withdrawal of this ground of objection is requested. 

Finally, Applicants respectfully request that the obviousness-type double patenting 
rejection of Claims 1-13 over Claims 1-15 of US 10/509,687 be held in abeyance until an 
indication of allowable subject matter in the present application. If necessary, a terminal 
disclaimer will be filed at that time. Until such a time, Applicants make no statement with 
respect to the propriety of this ground of rejection. 

Applicants submit that the present application is in condition for allowance. Early 
notification to this effect is respectfully requested. 
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Table 7,3 Coating procedures for N<t-Fe-B sintered magnets 
Coating materials Technique 



Ion vapour deposition 
Cathodic 

Plasma assisted physical vapour deposition 
Chemical vapour deposition 
Electroplating or electrotess plating 
Dacromet process' 1 ' 

Air spray of bulk material, barrel painting 

* Coating in an aqueous dispersion containing dnc flakes, chromium and proprietary organic*. This is 
followed by furnace drying to remove water and final baking at 300 °C. 

passivation of the particle surface and produces sintered magnets with squarer loop 
shapes compared with the nonoxygen-treated powder. Magnets made from 
atomized powder are found to have a finer, more uniform grain size compared 
with those of a number of other types, and they exhibit very square demagnetiz- 
ation loops f\Var89J. 

A variation of atomization which has been used to produce Nd-Fe-B layers is 
liquid dynamic compaction (LDC) [Chi86, Tan86]. A stream of molten alloy 
converted into a spray of fine particles by a jet of high- velocity gas is collected on a 
substrate and a solid layer of Nd-Fe-B is built up. Disadvantages of the technique 
are that the layer is isotropic, with a large variation in the grain size with depth. 

Atomized powder has been encapsulated in a steel container and then extruded at 
high temperatures [Cha89]. The extruded rods exhibited a radial texture and were 
subject to an optimizing heat treatment at 9GO-950 °C, where slight grain growth 
improved the loop squareness. A field of 2.8 MA/m was required to magnetize the 
material to an optimum condition. The radial texture is most suitable for 
permanent magnet motors for electrical machines, as shown in Fig. 7.12. A variant 
of the process is back extrusion, where the powder is pressed down a central hole 
and forced back into the space between two coaxial cylinders, where it forms a 
radially oriented ring magnet suitable for cutting into arc segments. This process 
has also been applied to melt-spun material (see later). 



Aluminium 
Electropaint 
Titanium nitride 
Silicon oxide 
Nickel/zinc 
Zinc 

Resin coating 



2.2.2 Hydrogen decrepitation (HD) The use of hydrogen in the processing of 
rare-earth magnets was first proposed by Harris and coworkers in 1979 [Har79]. 
Early work concerned hydrogen decrepitation of SmCo 5 , but the process was later 
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Fio. 7.10* A schematic representation of the nickel coating procedure* 

extended to Sm 2 (Co, Fe, Cu, Zr)i 7 -type alloys [Kia84 f 85]. Soon after the discovery 
of Nd2Fe l4 B magnets, studies showed that alloys such as NdieFe^Bs reacted 
readily with hydrogen at moderate pressures in a strongly exothermic reaction 
which led to decrepitation of the ingot [L'He84, Qes84, Har85, 89, Cad86, Wie87, 
Fru89J* The process has been exploited [McG86, 89b] to produce sintered magnets 
with excellent properties and the overall process is shown in Fig. 7.13. 
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Although hydrogen lowers the anisotropy field of Nd 2 Fei 4 B, [Oes84] the 
hydrided powder is still sufficiently anisotropic for the c-axes of the crystallites to be 
aligned effectively by a modest magnetic field of 1 T. The hydrogen is then removed 
from the alloy during a vacuum anneal prior to sintering. Figure 7.14 shows that 
hydrogen is desorbcd in three stages [Wil90, 91, Nak90], first from the Nd 2 Fe 14 B 
matrix phase and then in two steps from the Nd-rich phases. Benefits of hydrogen 
decrepitation are numerous. The major advantage is that the normally tough 
induction-melted ingots can easily be reduced to a relatively fine powder which is 
extremely friable. This means that the jaw crushing and coarse milling operations, 
which are difficult and expensive in energy, can be eliminated, and the time for jet 
milling can thus be reduced considerably (Fig. 7.15). Intergranular failure produces 
single-crystal particles with very clean surfaces which are ideal for sintering, and it is 
possible to control the particle size and shape distribution by varying the HD 
conditions. Oxygen pick-up during processing is reduced as desorption of hydrogen 
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Fio. 7.12. Various forms of extruded rods using atomized powder for electric motor 
applications. 



on heating the green compacts creates a nonoxidizing environment The near-zero 
remanence of the compacts makes them easy to handle. 

The morphology of the hydrided material [McG90a, 90b], together with a typical 
particle-size distribution, are shown in Fig. 7.16. Flake-like powder is often 
produced by an 'onion skin' decrepitation mechanism. Thus, hydrogen diffuses into 
the bulk to a particular depth below the surface where a critical strain resulting 
from the volume difference between the hydrided and nonhydrided material causes 
fracture at the interface and hence flaking. This fracture behaviour is characteristic 
of tough material such as ingot<ontaining dendritic a-Fe (Fig. 7.2). Homogenized 
ingots exhibit different hydrogen decrepitation behaviour [McO90c), with a faster 
reaction rate and evidence of intergranular and transgranular failure more typical 
of the HD-behaviour of 2:17 alloys [Kia85]. 

The hydrogen decrepitation process can be applied in the manufacture of the 
whole family of Nd-Fe-B alloys, and it has been adopted by magnet manufacturers 
throughout the world. Their magnets tend to have finer grain size and hence greater 
mechanical strength than the magnets produced by the conventional powder 
process. The HD process has also been employed to produce coercive powder from 
hot-pressed, die-upset and hot-rolled material, and these processes will be described 
later in the chapter. 
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Fio. 7.13. The hydrogen decrepitation (HD) process. 



Hydrogen has also been employed to characterize Nd-Fe-B-^ tngots, 
powders and sintered magnets. Thus the hydrogen uptake [Cad86, Har87a b c 
89, Scho87] enthalphy of hydrogen absorption [Har87a, b, c, Scho87, McG^c] and 
the thermal dcsorption behaviour [Har87a b, c, 90 ^'f^^Z\ 
Nak90 WilSK), 91] can be used to determine the proportion of Nd-nch material in a 
particular sample and the extent of oxidation of this material. 



FROM ffl&m 052-565-051 8 



20064f12fl 8B(£)1 6:21/1116 :l8/£|f§670401 4977 P 19 



Nd H ->Nd 

-2 




400 6QO 
Temperature CO 



353 



1000 



Fio. 7.14. Mass spectrometer trace of the hydrogen desorption behaviour of hydrided 
NdjeFersBg powder. 
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Fig. 7,15. Particle size of jet milled powder (determined by Fisher Sub Sieve Si2er, FSSS) vs 4 s 
feed rate for hydrided and nonhydrided feedstock. J 
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3 Polycrystalline powder processing 

There are three main independent methods of processing Nd-Fe-B into coercive 
particles where each particle is constituted by many submicron grains which may be 
contiguous or separated by a grain-boundary phase. This material can be mixed 
with epoxy resin or rubber and moulded into appropriate shapes, or combined with 
a thermoplastic polymer such as nylon and used as a feed stock for injection 
moulding of complex net-shape components. Many polymer-loaded magnets are 
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min, which yields a grain size of around 50 tim. Resin-bonded magnets exhibiting 
isotropic properties cant be made from this material and compacted magnets can be 
made by hot uniaxial pressing. Magnetically anisotropic magnets can be prepared 
by die-upset forging at high temperatures with process conditions similar to those 
employed for the melt-spun ribbon. 



3.3 The hydrogenation, disproportiotwtion, desorption and recombination (HDDR ) 1/ 
process 

Coercive powder can be produced from the cast and homogenized Nd-Fe-B-type 
ingots by the HDDR-process, and this is illustrated in Fig. 7*20. When Nd-Fe-B alloys 
are heated in hydrogen to above 650 °Q the Nd 2 Fe M B matrix phaae/disproportionates 
into iron, neodymimn hydride and ferroboron [L'Hi^, Ha^5; Cad86J and in 

1985, Qesteneacher [Oss85] proposed that it should be possible to recombine such a 
disproportionated mixture by heating under vacuum, thus producing a fine grained 
mirostructure, as observed previously for hydrogen storage alloys. 

In 1989, Takeshita and Naltayama [Talc89] reported that coercive powder could 
be produced by heating Nd-Fe-B alloys ^jmder^ydrogen and then vacuum 
annealing. McGuiness and coworkers [McG90a, 90b] intterpreited this behaviour in 
terms of what they termed a hydrogenation, disproportionation, Resorption and 
recombination (HDDR) reaction. ■ 

The disproportionate reaction can be represented as: 



Nd 2 Fe 14 B + (2 ± x) H 2 ^ 2NdH 2 ± x + 12Fe + Fe 2 B + AH (£L3) 

AH is the exothermic (absorption) or endothermic (desorption) heat of reaction, 
The particular value of x depends on the temperature and hydrogen pressure. 

The disproportionated mixture (see Fig. 7 20) consists of jjfery finely divided 
mixture of the components [Xia92j Gut9^a, 9$b, Majt&&4, Mar94] and on removal 
of the hydrogen by vacuum annealing, the Nd, FeaB and Fe recombine to form 
Nd 2 FewB with a submicron (y 0.3 /im) grain size* Thus the HDDR process 
converts the initial, coarse grained ingot material (Fig- 7.2) into very fine grained 
powder (Fig. 7.20), which, if optimally processed, exhibits appreciable intrinsic 
coercivity. The best magnetic properties for the HDDR powder arc achieved by an 
annealing treatment which leads to an Fe-free, uniformly fine grained (~ 0.3 £im) 
microstructure. Too low an annealing temperature results in the persistence of 
a-Fe, whereas toc^high a ^temperature results in the rapid growth of large faceted 
grains [Hai92, McG92, Jon94], Both these features are inimical to the development 
of coercivity. These microstructures are illustrated in Fig. 7.21. 

Takeshita and coworkers [Tak90, 92, Nak93J have shown that small additions of 
certain elements such as Zr, Hf or Oa (e.g. Nd^^Fe^Con^Bfi oZroa) have the 
remarkable effect of producing anisotropic HDDR powder from which resin- 
bonded magnets with (BH) m9X values around 140 kJ/m 3 have been produced 
[Tak90, 92, Nak93, 94]. According to Nakayama et al [Nak94], it was necessary to 
homogenize the alloys at 1120 °C for 20 h in 1 bar argon. They were then crushed 
into blocks of size less than 20 x 20 x 20 mm 3 , then heated in hydrogen at 1 bar to 
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Fio. 7.20yA schematic representation of the HDDR process with typical miscrostructures. 



830 °C and kept at this temperature for 1 0 min. The system was then evacuated to a 
high vacuum (y 10~ 8 bar) for about 40 min and the material was subsequently 
quenched in argon gas. The anisotropic bonded magnets were prepared by mixing 
the HDDR powder (crushed to a particle size of < 420 /xm) with epoxy resin and 
moulding in an alignment field of 2.5 T« The magnets were then set by heating at 
100 °C for 2 h. 

The HDDR powder has also been found to be very suitable for the production of 
hot-pressed magnets [Har92, McG92, Tak92, Manw94]. The hot-pressed magnets 
reported by McGuiness et aL [McG92] and by Manwaring and coworkers [Man94] 
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(c) 





Fig. 7.21. The microstructure of an HDDR particle (a) below optimum processing 
temperature showing the presence of ct—Fe dendrites; (b) at optimum temperature showing 
uniform fine grain size; (c) above optimum temperature showing the presence of large 
facetted grains coexisting with very fine grains. 



were produced by making a green compact of ~* 7 gm using coarse ground isotropic 
HDDR powder. The green compacts were then pressed by 790 °C using a load of 
2 tonnes/cm 2 until full density had been obtained. Hot-pressed magnets based 
on the composition Ndi6Fe 76 B« exhibited B t ^ 0.8 T, if c ^ 1 160 kA/m and 
(BHjnsi 108 kJ/m 3 and the enhanced value of B r for this composition indicated a 
degree of upsetting during the hot-pressing operation. Electron microscope 
observations [Est94] of these magnets indicated an average grain size of 
~ 0.4 /xm, which means that the enhanced remanence could not be ascribed to 
exchange coupling* Die-upset forging experiments by McGuiness et ah [McG92] 
indicated that the hot-pressed HDDR compacts (Ndi6Fe76Bg exhibited a rate of 
increase of B x with an upset ratio very similar to that observed by Tokunaga et at. 
[Tok89] for melt-spun compacts . based on (NduFe&oB^). The coercivities of the 
HDDR magnets, however, exhibited a much smaller decrease with upset ratio than 
those of the melt-spun magnets. 

It is possible to avoid decrepitation of the alloy during the HDDR processing 
by introducing the hydrogen at or above the minimum disproportionation 
temperature. This has been called the S(solid>-HDDR process [Gut94a, 94b]. 
Rapid heating of a near-stoichiometric alloy (NdxiFeuB) in a hydrogen 
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atmosphere also avoids decrepitation [Zha91]. A useful consequence of the HDDR 
process is that it is a very effective means of homogenizing near-stoichiometric 
compositions which contain ot-Ft dendrites in the cast state [Hai92]. The oc-Fe can 
be removed quickly compared with standard homogenization treatment by 
annealing the alloy in the dispropontionated state at a relatively modest 
temperature 750 °Q. 




T 



4 CastfilBg 8UQM& SMPtt-W^MlIDg 

One of the most cost-effective means of producing anisotropic, fully dense 
Nd-Fe-B magnets wotdd be to cast them into slabs with a fine grain size and with 
the oaxis of the grains aligned perpendicular to the surface of the slab* In the case 
of Pr-Fe-B--Cu alloys, appreciable coercivities (up to 1070 kA/m) can be obtained 
in the cast condition [Shi88a, Far9l, Myc93]. Unfortunately, the orientation is such 
that there is a more or less random oaxis orientation in the plane at right angles to 
the predominant cooling direction, so that it is not possible to produce highly 
aligned anisotropic magnets from the cast material without subsequent hot 
deformation. Isotropic cast magnets based on NdaFe^C can be produced [Bus88, 
Gri91, Fri94] simply by casting, for example, a'Ndr-Fe-Cu-C-B alloy and then 
subsequently annealing between 900 °C and 950 °C for 5-6 days, during which time 
fine grain Nd 2 Fei 4 C is formed by a very slow solid-state reaction. By this 
means it is possible to produce magnets with B T «s 0,61 T, ff Q 600 kA/m and 
C&AOmax ^ 61 kJ/m\ To obtain magnets from cast material with much higher 
(iWOinaji values it is necessary to subject the alloys to a hot deformation process. 
Because of the necessary scale of the operation to make them economical, these 
processes are usually hot-extrusion or hot-rolling. In the Nd-Fe-B (and Pr— Fe-B) 
alloys containing excess rare-earth, the processes are much aided by the presence of 
an intergranular liquid phase at the deformation temperature. , 

The first report of a direct mechanical method of making Nd-Fe-B magnets 
from cast material was by Ervens [Erv89], who extruded rods at 800 °C which 
exhibited a radial magnetic orientation. The magnetic properties were found to 
depend upon the extrusion conditions such that higher remanence with a lower 
coercivity appeared at lower extrusion velocities. Unfortunately, these magnets 
were unstable and there was an irreversible loss in the coercivity even on standing at 
;room temperature. 

The extrusion process was much improved by Nozieres and coworkers [Noz89a, 
89b, 90], who encapsulated the Nd-Fc-B alloy in an iron sheath which was capped 
and sealed by welding in an inert atmosphere in order to prevent oxidation and loss 
of the liquid phase during extrusion. The bar was then extruded at temperatures in 
the range 750-850 °C and a high deformation ratio ( > 10) was required to achieve a 
pronounced radial texture. A final anneal was needed to optimize the magnetic 
properties.- Metallographic studies of the extruded bar showed that the mechanical 
working resulted in a decrease in the average grain size to around 0.5-10 ^m, with 
the NdFe 4 B 4 phase strung out along the hot-working direction. The radially 
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